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ABSTRACT 
 
Human health implies complex mechanisms and involves diseases prevention aimed at ensuring a psycho-
physical wellbeing homoeostasis. The search for longevity can be related to the slowdown in aging, and 
psycho-physical wellbeing is often related to the lifestyle, mainly to the human physical activity and nutrition. 
Circadian rhythms are processes that affect the behaviour, physiology and metabolism of mammals across 
cyclic periods of 24 hours. These rhythms are regulated by multiple physiological systems, whose key 
elements are the alternation between light and dark and between food consumption and periods of fasting. 
Therefore, during evolution, a constant adaptation to natural rhythms by humans has been established 
towards the surrounding environment determining periods of food consumption and periods of fasting 
coinciding with rest. Recent sociological surveys have shown that there is a slight increase in the number of 
people who devote themselves to a constant physical/sport activity, but this is an ephemeral percentage 
compared to the dramatic increase in the incidence of diseases related to aging such as obesity and diabetes, 
easily preventable with healthy lifestyles. Therefore, the connection between circadian rhythms, physical 
activity and lifestyles represents an important feature involved in human longevity. Here, a survive of the 
biological mechanisms, implied in this behaviour, is presented. Keywords: Circadian rhythms; Human health; 
Physical activity; Longevity; Training activity. 
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INTRODUCTION 
 
Human health care is a complex mechanism based mainly on prevention to ensure constant psycho-physical 
wellbeing. This behaviour is especially evident in the extreme oriental population, and it is not surprising that 
the highest average lifespan is observed in Japan (Yokoyama et al., 2019). 
 
The search for longevity can be related to the slowdown in aging, and psycho-physical wellbeing is often 
related to the lifestyle, mainly to the human physical activity (Liguori et al., 2019; Montesano and Mazzeo, 
2019). 
 
Circadian rhythms are cyclic mechanisms that affect the behaviour, physiology and metabolism of mammals 
across 24 hours (Hood and Amir, 2017; Sollars and Pickard, 2015). These rhythms are regulated by multiple 
physiological systems known as "circadian clocks" (Rosbash, 1995), whose key elements are the alternation 
between light and dark and between food consumption and periods of fasting (Oike, 2017). Therefore, during 
evolution, a constant adaptation to natural rhythms by humans has been established towards the surrounding 
environment determining periods of food consumption and periods of fasting coinciding with rest. 
 
Recent sociological surveys have shown that there is a slight increase in the number of people who devote 
themselves to a physical activity (Saint Onge and Krueger, 2017), but this is an ephemeral percentage 
compared to the dramatic increase in the incidence of diseases related to aging such as obesity and diabetes, 
easily preventable with healthy lifestyles (Wyatt et al., 2006; Spann and Ottinger, 2018). 
 
FUNCTIONAL ANATOMY AND MOLECULAR ORGANIZATION OF CIRCADIAN RHYTHMS 
 
Phylogenetically higher animals have evolved an internal biological clock regulating important physiological 
pathways, at macroscopic (sleep/wake rhythm, body temperature, etc.), microscopic (blood pressure, 
metabolic activity, etc) and/or molecular (cell regeneration, hormone secretion, etc.) levels (Froy, 2017). This 
circadian oscillator, is controlled through the activity of the suprachiasmatic nuclei (SCN) of the brain 
hypothalamus (Gillette and Tischkau, 1999), which receives the ambient light/dark cycle, and transmit these 
information to the peripheral circadian clock sensitive organs, mainly liver, heart, gut and lungs, through direct 
(neuronal) or mediated (humoral) factors (Panda et al., 2002; Schibler et al., 2003). Although each cell of the 
organism possesses its own circadian rhythm, a synergistic integration among them is required to guarantee 
organism life. At a molecular level, this finding is attained through a cycle of transcription/translation of some 
gene products, leading to the modulation of such an integrated mechanism. 
 
The most studied proteins involved in the mammalian circadian cycle are the following (Ko and Takahashi, 
2006 and references therein). CLOCK (Circadian Locomotor Output Cycles Kaput) BMAL1 (Brain Muscle 
ARNT Like1) heterodimeric complex represents a positive transcription modulator of the rhythmic biological 
processes. CRY (Cryptochromes), PER (Periods), NPAS2, REV, ROR and CK1 gene products, represent 
negative modulators inhibiting the CLOCK:BMAL1 complex formation. In addition, the autoregulatory 
feedback loops generated by these proteins is finely modulated by their phosphorylation and/or ubiquitination 
post-translational modifications levels.  
 
EFFECT OF CIRCADIAN RHYTHMS ON METABOLISM 
 
Among the peripheral tissue cells affected by circadian clock, the liver cells represent the main target of the 
metabolism regulation as it plays a central role in catabolic and anabolic process of almost all the 
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biomolecules (Panda, 2016). This is achieved by mediating the expression and/or activity of certain metabolic 
enzymes and transport systems involved in cholesterol metabolism, amino acid regulation, the citric acid 
cycle and glycogen and glucose metabolism. Furthermore, the intermediates produced in nutrient metabolism 
lead to the formation of several small molecules that, in turn, can affect clock functions. For instance, some 
products of ornithine catabolism, affect the polyamine biosynthesis metabolism, a pathway regulated by the 
circadian clocks at a transcriptional level (Panda et al., 2002, Zwighaft et al. 2015). In addition, in rats, lesions 
in the SCN, induced an impairment in the homeostasis of circulating glucose (Panda, 2016). Recent studies 
on genetically modified mice have shown that glucose absorption and ATP concentration in the cellular 
metabolism of the brain and peripheral tissues are linked to circadian rhythms, as are some hormones, 
including insulin, glucagon and corticosterone (Stevens et al., 2019). 
 
CIRCADIAN RHYTHMS AND AGEING 
 
Quality and duration of life are closely related to circadian rhythms (Liu and Chang, 2017). The breakdown 
of circadian rhythms in relation to the environment leads to the appearance of symptoms such as fatigue, 
disorientation and insomnia. For instance, shift workers, whose circadian rhythms are compromised, 
experience serious metabolic alterations, hormonal (Sellami et al., 2019) and sleep disorders. In some 
studies, CLOCK protein deficiency leads to a drastically reduced life span (Davis and Mirick, 2006; Qureshi 
and Mehler, 2014). In particular, this deficiency induces the appearance of cataracts, dermatitis and loss of 
organ tissue, elements that can be attributed to premature ageing. 
 
CIRCADIAN RHYTHMS AND PHYSICAL ACTIVITY 
 
The relation between the circadian rhythms and physical activity can be associated to hormones level 
variation during both the physical practice and the circadian rhythms (Sellami el al, 2019). In particular, 
glucoregulatory hormones, playing a significant role in the human physiology, can be considered targets of 
the relationship existing between physical activity and circadian rhythms. In addition, being this class of 
hormones involved in the nutrition-fasting cycle of the life, the synchronization of their levels within the 
circadian rhythms has been recently proposed (Heden and Kanaley, 2019). Another physiological connection 
between physical exercise and circadian cellular clocks, has been proposed (Harrington, 2012). In these 
studies, it has been found that physical exercises carried out in the early of the active phase of the circadian 
cycle decreased the electrophysiological activity of the suprachiasmatic nuclei with a concomitant increase 
in the activity of the adrenal gland. On the contrary, exercises scheduled in the second half of the active 
period, significantly increase the activity of the suprachiasmatic nuclei. Therefore, the question arises if 
scheduled exercises could improve the physiology of the circadian rhythms. 
 
DISEQUILIBRIUM OF CIRCADIAN RHYTHMS AND DISEASES 
 
A link between circadian rhythms and physiological disorders has received particular attention by researchers 
(Bollinger and Schibler, 2014). In particular, among human diseases, the disequilibrium in the circadian clock 
and incidence of cancer, has been recently reviewed (Masri and Sassone-Corsi, 2018). The main effect of 
the unbalanced circadian rhythms can be related to the circadian control of cancer metabolism and, in 
particular, the involvement of the inducible oncogenes c-Myc and Kras and/or the tumour suppressor p53 
(Jackson et al., 2001; de Laurentiis et al., 2011; Adornetto et al., 2013; Papagiannakopoulos et al., 2016), 
oxidative stress (Hanahan & Weinberg, 2011) as well as tumour microenvironment modification (Masri and 
Sassone-Corsi, 2018), have been proposed. More recently, the induction of metalloproteinase 9 expression, 
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an extracellular protein involved in the cancer progression and invasiveness (Pagliara et al., 2014) has been 
related to BMAL1 expression, during the circadian rhythms of microbiota (Wu et al., 2019). 
 
CIRCADIAN RHYTHMS PHYSICAL ACTIVITY AND AGEING 
 
It has been reported that exercise can affect the phase shift of the circadian rhythms in young adults if 
performed at the right time of day (Baehr et al., 2003). In particular, they found a faster adaptation to a new 
sleep/dark cycle, upon a physical exercise in the daylight phase of the circadian cycle, whereas physical 
activity carried out at night accelerated the daytime phase of the circadian clock. Other studies (Youngstedt 
et al., 2002) indicated that night exercise affects the circadian rhythms of melatonin production in healthy 
older adults, thus indicating that these effects are not restricted to young people. Thus, it can be argued that 
the physical activity of older adults might be useful for retarding the physiology of the circadian rhythms if a 
synchrony with the living environment has to be ensured. 
 
CONCLUSIONS 
 
In conclusions, the key role between circadian rhythms and human health has already been demonstrated. 
More recently, this correlation has been associated to human longevity as circadian rhythms can be linked 
to both physiological and/or pathological conditions in humans. Being the human physical activity a procedure 
that maintains and ameliorates the body health, its involvement in the circadian rhythms has also been 
proposed. Therefore, it cannot be excluded that the human training activity can be affected and/or directed 
by circadian rhythms. 
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